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Open access under the ElThe conformational isomerism of 2-haloethanols and their methyl ethers has been theoretically investi-
gated in the isolated state and rationalized on the basis of intramolecular interactions. One of the gauche
conformers of 2-haloethanols is signiﬁcantly more stable than the remaining forms, particularly due to
intramolecular hydrogen bonding OH  X. Natural bond orbital analysis and comparison with the corre-
sponding methyl ethers, which do not experience intramolecular hydrogen bonding, reinforce this ﬁnd-
ing. The electrostatic nature of the hydrogen bonding was found to be preponderant, while the
hyperconjugative contribution for this interaction increases on going from F to I.
 2010 Elsevier B.V. Open access under the Elsevier OA license. 1. Introduction
2-Haloethanols undergo rotational isomerization between the
gauche and trans forms, and the former is the prevalent one both
in liquid and gas phases, supposedly due to internal hydrogen
bonding OH  X (X = halogen) [1–13]. Similarly, trans-2-halocyclo-
hexanols also experience intramolecular hydrogen bonding as a
stabilizing interaction of the diequatorial conformation [14–17].
Although many efforts have been made to determine conformer
populations of 2-haloethanols, both theoretically and experimen-
tally, few studies are related to quantify the contribution of the
internal hydrogen bonding and other operating interactions on
the conformational isomerism of these important model com-
pounds. The use of methoxy derivatives instead of the hydroxyl
group of alcohols minimizes or even inverts the gauche preference,
and gives insight about the magnitude of the internal hydrogen
bonding [17]. Furthermore, other interactions – classical and
non-classical effects – are expected to operate in the resulting
ethers, such as steric hindrance and the gauche effect.
The building of potential energy surfaces, including deletion of
key orbitals responsible for important hyperconjugative interac-
tions, has beenperformedusing thenatural bondorbital (NBO) anal-
ysis [18], giving useful information about the ruling forces of the
conformation isomerism of model compounds, like ethane [19], bu-
tane [20] and pnictogen compounds [21]. In trans-2-bromocyclo-de Química, Universidade
ras, MG, Brazil. Tel.: +55 35
.
sevier OA license. hexanol, the hyperconjugative contribution for the internal
hydrogen bonding in the diequatorial conformer is due to electron
delocalization froma bromine lone pair to the hydroxyl antibonding
orbital (LPBr? rOH) [16]. Similar interaction should occur in 2-halo-
ethanols, together with the electrostatic contribution, but this issue
on the halogen series has not been evaluated yet.
Substitution of hydroxyl in 2-haloethanols by a methoxyl group
eliminates internal hydrogen bond, which is supposedly the main
contributor for the gauche stabilization in the halohydrins. The
remaining intramolecular interactions in the resulting ethers then
rule their conformational equilibrium. In 1,2-dihaloethanes, anti-
periplanar orbital interactions dictate the gauche–trans isomeriza-
tion; while the ﬂuorine derivative experiences the gauche effect,
classical steric/electrostatic repulsion and hyperconjugative inter-
actions are more competitive in the chlorinated compound, and
the C–X/C–X⁄ electron delocalization (X = Br and I) strongly favors
the trans conformer of bromine and iodine derivatives [22]. This
work is also focused on the evaluation of similar effects as operat-
ing and signiﬁcant interactions in the 2-haloethyl methyl ethers.2. Computational method
Potential energy surfaces (PES) were built by rotating the R–O–
C–C (R = H and CH3) dihedral angle of both gauche and trans con-
formers of 2-haloethanols and their methyl ethers, in order to
identify all energy minima. PES were also built by deletion of the
rOH orbital of halohydrins. PES were calculated at the DFT B3LYP/
6-31g(d,p) level for the F, Cl and Br derivatives, and at the
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Fig. 1. Stable conformers of 2-haloethanols and their methyl ethers (R = H and CH3, and X = F, Cl, Br and I).
Fig. 2. Potential energy surfaces for the gauche (gg, gg0 and gt) and trans (tg and tt) conformers of 2-haloethanols and their methyl ethers.
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derivatives), and B3LYP/aug-cc-pVTZ-PP level [25] (for I deriva-
tive). NBO analyses [18] were carried out at these same levels,
and all calculations were performed using the Gaussian 03 pro-
gram [26].
3. Results and discussion
The potential energy surfaces (PES) for the gauche and trans con-
formers of 2-haloethanols indicate a total of ﬁveminima (Figs. 1 and
2), being three minima with dihedral angle H–O–C–C gauche and
two minima with H–O–C–C trans. A remarkable minimum is easily
observed in the gauche form, corresponding to the gg rotamer, in
which the hydroxyl hydrogen is ubicated towards the halogen,
allowing an internal hydrogen bonding. This form is preferred in
great extent, even considering the gauche conformer as the onewith
higher steric and electrostatic repulsion between halogen andoxygen when compared to the trans form. According to the relative
energies depicted in Table 1 for the optimized structures, the
stability of the gg conformer in comparison to the most stable trans
conformer increases on going from I to F, indicating that the ﬂuori-
nated compound experiences a stronger intramolecular hydrogen
bonding. The energy differences between the two trans conformers
(tt and tg), as well as between gt and gg0, are generally small in
2-haloethanols, since the position of the small hydroxyl hydrogen
does not affect signiﬁcantly their stability. However, trans conform-
ers are more stable than gt and gg0 according to classical steric
effects, except for the ﬂuorinated compound,which exhibits compa-
rable energies for trans, gt and gg0 conformers.
Hydrogen bonding may be of electrostatic and hyperconjuga-
tive nature, in which the former is of radial reach, while hypercon-
jugation is strongly dependent on orbital symmetry. The
hyperconjugative nature of hydrogen bonding in 2-haloethanols
is due to the LPX? rOH interaction, operating in the gg conforma-
Table 1
Conformational energies (Erel, in kcal mol1), hyperconjugation energies (Ehyper, in kcal mol1), orbital interactions (in kcal mol1), and geometrical parameters (dihedral angles, h
in degrees) for the conformers of 2-haloethanols and 2-haloethyl methyl ethers.
X Conformer Erel Ehyper hR–O–C–C hO–C–C–X rCH? rCO rCH? rCX rCO? rCH rCX? rCH rCO? rCX rCX? rCO LPX? rOH
2-Haloethanols
F gg 0.0 206.1 59.7 64.7 4.0 4.6 0.8 0.8
gg0 2.2 210.1 303.5 65.9 4.4 4.7 0.7 0.7
gt 1.8 204.3 167.8 73.2 3.8 4.6 0.8 0.7
tg 2.2 201.1 76.5 179.0 0.6 1.3 1.5 1.3
tt 2.1 198.3 180.0 180.0 0.6 1.3 1.6 1.2
Cl gg 0.0 170.7 60.2 64.5 4.0 5.9 0.9 1.7
gg0 2.5 171.9 302.2 64.2 4.3 6.0 0.8 1.5
gt 2.2 166.7 165.6 71.6 3.7 5.9 1.0 1.5
tg 1.5 165.2 76.6 178.1 0.6 1.1 2.1 2.9
tt 1.7 162.5 180.0 180.0 0.5 1.1 2.4 2.7
Br gg 0.0 165.2 61.1 65.0 4.0 6.7 1.0 2.1 0.6
gg0 2.5 165.3 302.0 63.7 4.4 6.8 0.9 1.9
gt 2.2 160.6 165.7 70.8 3.7 6.6 1.1 2.0
tg 1.3 159.3 76.0 177.9 0.6 1.1 2.4 3.6
tt 1.6 156.5 180.0 180.0 0.5 1.2 2.7 3.4
I gg 0.0 155.4 62.5 64.8 4.0 7.1 1.0 2.5 0.8
gg0 2.2 153.8 301.1 62.6 4.4 7.1 0.9 2.3
gt 1.9 149.6 167.8 69.0 3.8 6.9 1.2 2.4
tg 0.8 150.1 74.3 177.5 0.5 0.9 2.6 4.6
tt 1.3 146.5 179.8 179.8 0.5 0.9 2.9 4.3
2-Haloethyl methyl ethers
F gg 0.7 275.8 82.4 74.4 4.0 5.0 0.6 0.7
gg0 1.6 277.6 317.3 67.0 4.2 4.4 0.6 0.8
gt 0.0 274.8 175.7 73.2 3.5 4.4 0.7 0.8
tg 2.0 267.9 86.8 179.8 3.5 1.3 1.3 1.3
tt 0.4 269.5 180.0 180.0 3.3 1.3 1.5 1.1
Cl gg 1.9 232.5 106.2 72.2 3.8 6.3 0.8 1.5
gg0 2.0 240.4 311.4 62.9 4.2 5.9 0.7 1.6
gt 0.5 238.0 176.5 71.1 3.4 5.8 0.9 1.7
tg 1.2 232.2 85.2 179.0 3.5 1.1 1.9 2.8
tt 0.0 233.6 180.0 180.0 3.3 1.1 2.2 2.6
Br gg0 2.0 234.4 309.5 61.9 4.3 6.6 0.7 2.1
gt 0.5 232.0 177.0 70.1 3.4 6.5 1.0 2.2
tg 1.1 226.5 85.0 178.9 3.6 1.2 2.2 3.5
tt 0.0 227.4 180.0 180.0 3.3 1.1 2.6 3.3
I gg0 2.0 221.8 308.8 60.2 4.3 6.9 0.8 2.6
gt 0.6 220.0 177.2 68.1 3.5 6.8 1.0 2.7
tg 1.0 216.4 83.8 178.0 3.6 0.9 2.4 4.4
tt 0.0 216.6 179.8 179.6 3.3 0.9 2.8 4.1
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interacting orbitals. According to the NBO results of Table 1, only
2-bromo and 2-iodoethanol experience such an interaction above
the threshold value (0.5 kcal mol1), indicating prevalence of the
electrostatic contribution for the hydrogen bonding at least for
the chlorine and ﬂuorine derivatives. This may be better evaluated
by analyzing the PES when interactions involving the rOH orbital
are removed (Fig. 3). The potential curves with interactions involv-
ing rOH deleted, for the gauche conformers of 2-haloethanols, re-
main to show a stressed minimum around the real gg conformer,
suggesting that the electrostatic attraction between halogen and
hydroxyl hydrogen is indeed the main contributor for the hydro-
gen bonding. However, this minimum is shifted from ca. H–O–C–
C 60 (real system) to 100–120 (hypothetical system), in order
to alleviate steric repulsion, since there is no LPX? rOH interaction
anymore to force that dihedral angle to ca. 60, optimal for electron
donation from lone pairs. Potential curves for the trans conformers
of 2-haloethanols are also affected by deletion of rOH-based inter-
actions; the local minimum tt becomes an unstable conformer in
the hypothetical situation with rOH deleted. Classical steric repul-
sion surpasses attractive hyperconjugative interactions in the
hypothetical tt conformer and make it a maximum in the potential
curve, demonstrating the importance of delocalization processes
involving rOH in tt, such as rCC? rOH.
Another way to achieve insight about the internal hydrogen
bond in 2-haloethanols is by using methoxy derivatives; however,it seems that this method may be applied only for the ﬂuorinated
compound, since the gg conformer of bromine and iodine ethers is
not a minimum and, for 2-chloroethyl methyl ether, the C–O–C–C
dihedral angle deviates a lot from the respective dihedral angle in
2-chloroethanol, indicating that substitution of OH by OCH3 is ste-
rically not negligible. TheDDE value of Eq. (1) below is supposed to
be nearly equivalent to the hydrogen bonding contribution for the
gg stabilization of 2-ﬂuoroethanol and, using the data of Table 1, it
corresponds to 2.4 kcal mol1. Therefore, this interaction is con-
ﬁrmed as the dictating effect of the conformational isomerism of
2-ﬂuoroethanol.
DDE ¼ ðEgg  EttÞ2fluoroethanol  ðEgg  EttÞ2fluoroethyl methyl ether ð1Þ
When the hydroxyl group is replaced by a methoxy group to give 2-
haloethyl methyl ethers, the gg conformation, which is the largely
preferred rotamer in 2-haloethanols, is not the global minimum
anymore. Instead, gt (for X = F) or tt (for X = Cl, Br and I) conformers
are the leading forms. Conformers trans would be the prevalent
forms according to classical steric and electrostatic repulsions be-
tween halogen and oxygen; however, gauche conformers are more
stable than supposed to be, indicating that the gauche effect is oper-
ating in ethers. Although there is no general rule for the gauche ef-
fect [27], this phenomenon is mostly observed as of
hyperconjugative nature. In this case, antiperiplanar rCH? rCO,
rCH? rCX and rCH? rCH interactions (and reciprocal interactions)
experienced by gauche conformers are energetically more favorable
Fig. 3. Potential energy surfaces for the gauche and trans conformers of 2-haloethanols, with (hypothetical structure) and without (real system) deletion of the rOH orbital.
158 F.R. Souza, M.P. Freitas / Computational and Theoretical Chemistry 964 (2011) 155–159than the corresponding rCO? rCX, rCX ? rCO and rCH? rCH inter-
actions operating in trans conformers. Table 1 shows that the sum ofall hyperconjugative interactions in gauche conformers is dominant.
The contribution of the above interactions (Table 1) for the whole
F.R. Souza, M.P. Freitas / Computational and Theoretical Chemistry 964 (2011) 155–159 159delocalization processes indicates the origin of the gauche effect,
which increases according to I < Br < Cl < F, similar to obtained for
1,2-dihaloethanes [22].
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